Our discovery stemmed from earlier research on "reductive" ozonolysis, in which the presence of amine N-oxides was found to promote direct ozonolytic conversion of alkenes to aldehydes and ketones. 14 The proposed mechanism, involving formation and fragmentation of a zwitterionic peroxy/oxyammonium acetal, also predicted stoichometric generation of 1 O 2 (Scheme 1). However, this prediction could not be easily tested within an ozonolysis reaction. In search of more accessible precursors for the putative fragmentation, we discovered that readily available derivatives of 1,1-dihydroperoxides will generate 1 O 2 under preparatively useful conditions. The precursor 1,1-dihydroperoxides are readily available and possess surprising kinetic stability. 15, 16 The dihydroperoxides of 4-t-butylcyclohexanone and 4-phenyl-2-butanone, 1b and 2b respectively, were prepared in high yield by Re 2 O 7 -catalyzed reaction of the ketones with aq. H 2 O 2 (Scheme 2). 17 Monoperesters (1c, 1e, 2c) and a monopercarbonate (1d) were prepared by acylation or carboxylation of the dihydroperoxides. 18 The monoesters were stable for several days at room temperature or weeks at −20 °C. 19 In contrast, monopercarbonate 1d could be isolated and purified but undergoes slow ring-exansion to 4-t-butylcaprolactone even at room temperature. 20 Addtion of KOtBu to a THF solution of 1c resulted in immediate bubbling, accompanied by disappearance of starting material and formation (TLC) of 4-t-butylcyclohexanone. Encouraged by this observation, we repeated the reaction in the presence of 1 O 2 trapping reagents ( Table 1 and Figure 1 ). 1a Addition of KOtBu to a THF solution of 1c and terpinene (3) resulted in formation of ketone 1a (TLC) and endoperoxide 3-O 2 . 21 A similar result was obtained with percarbonate 1d. An increased yield of 1 O 2 from 1c was observed at lower temperature, in acetonitrile (MeCN), or in the presence of diphenylisobenzofuran (DPBF, 4), a more reactive trap which was completely consumed whether present in 0.5 or 0.75 equivalents relative to the monoperester. 22 Efficient 1 O 2 generation was also observed from reaction of monoperester 1c with Cs 2 CO 3 , but not K 2 CO 3 or KOAc. This disparity drew our attention to the potential importance of ion pairing, and we turned to nBu 4 NF (TBAF) as a convenient base which would afford a highly dissociated peroxyanion. Gratifyingly, treatment of 1c with TBAF led to extremely rapid reaction and a 39% yield of 1 O 2 (as 3-O 2 ).
Further exploring the TBAF-promoted reaction ( Table 2) , we found that the use of excess TBAF and 1c allowed consumption of furan 4 but failed to oxidize the less reactive 7. Concerned that overly rapid generation of 1 O 2 might allow escape from a saturated solution, we investigated the decomposition of excess (1.5 -8 equiv) monoperester in the presence of CsF and Me 4 NOAc (TMA). Reactions were allowed to run for 30 min, but were typically complete (TLC) within 10 min. Complete consumption of all substrates was now observed. Citronellol (7) reacted to furnish a 91% yield of a 58:28:14 mixture of 7-O 2 , 9-O 2 , and ketone 8. The formation of the isomeric hydroperoxides is characteristic for reactions of 1 O 2 with 7; 6,7 ketone 8 derives from base-promoted fragmentation of 7-O 2 . 23 The CsF protocol was also successfully applied to monoperesters 1e and 2c.
Finally, 1 O 2 can be generated via in situ formation and decomposition of monoperoxysulfonates. Although we were unable to isolate a monoperoxysulfonate, reaction of 1b and terpinene (3) with toluenesulfonyl chloride (1.0 equiv) and KOtBu resulted in the rapid disappearance (TLC) of the dihydroperoxide and the formation of 3-O 2 (Scheme 3).
The unprecedented fragmentation described above could involve a Grob-like fragmentation, 24 or, alternatively, decomposition of an unstable peroxetane derived from 4-exo tet attack of the peroxyanion on the activated peroxide (Scheme 4). 25 Regardless of pathway, the fragmentation clearly requires both a highly dissociated peroxyanion and a peroxide activated towards heterolytic O-O scission. For example, the monoperesters do not generate oxygen in the absence of base, while we found the 1,1-dihydroperoxides to be unaffected by the bases employed in these studies. 26 The efficiency of 1 O 2 production from the new fragmentation compares very favorably with known oxygen-generating systems. 4, 6, 7, 8 In conclusion, we have developed a new heterolytic fragmentation that allows efficient and rapid generation of 1 O 2 in nondeuterated organic solvents from readily available precursors. The clean regeneration of the parent ketone suggests an avenue for possible development of solid-supported or phase-separable reagents while the efficiency and rate of 1 O 2 production points to potential application as a power source for chemical oxygen/iodine lasers. 30
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